Abstract-The Tile Calorimeter, which constitutes the central section of the ATLAS hadronic calorimeter, is a non-compensating sampling device made of iron and scintillating tiles. Almost all the work to build the calorimeter has been completed and most of the effort is now directed toward the final assembly and testing in the experimental area. The lay-out of the calorimeter and the tasks carried out during construction are described after a brief reminder of the requirements that drove the calorimeter design.
I. INTRODUCTION
T HE identification and reconstruction of jets plays a key role in many of the ATLAS [?] phyiscs goals, such as the reconstruction of jet resonances or the search for SuperSymmetric particles and for quark compositness. Moreover, since QCD provides one of the the major background to almost all the searches for new particles, an efficient jet reconstruction is also essential for background rejection.
The request of a high quality jet reconstruction and identification in the environment of the Large Hadronic Collider has guided the design of the ATLAS Calorimeter. The hadronic section of the ATLAS calorimeter is composed by three systems that exploit different techniques at different rapidity ranges in order to optimize the calorimeter performance while maintaining sufficiently high radiation resistance. The Tile Calorimeter [?] constitutes the central hadronic section of the ATLAS calorimeter. The design of the Tile Calorimeter (TileCal) is discussed in section ?? while the construction phases are briefly described in section ??. The aims and the results of the test on beam program are described in the following next two sessions. The last session is dedicated to the work in progress on the algorithms to reconstruct the hadronic energy.
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A. The Tile Calorimeter
The design of ATLAS hadronic calorimeters have been driven by the request to have a pseudo-rapidity coverage (η) up to ±5 and good hermeticity to reach a high quality on the missing transverse energy measurement. Moreover, the departure from linearity on jets must be smaller than a few percent up to a few TeV and the jet resolution is required to be of the order of 50% E(GeV ) ⊕ 3%. These requirements have been evaluated from analysis carried out on benchmark physics channels such as compositness searches for the linearity or reconstruction of the W → jj mass for the energy resolution. Last but not less important the cell size and the signal integration time should be kept small in order to minimize the contribution from pile-up.
The Tile calorimeter is a sampling device lying in the region |η < 1.7|. It is subdivided into a large central barrel and two smaller lateral barrels having a 2.28 m inner radius and a 4.25 m outer radius. The whole length of the calorimeter is about 11 m. Each barrel is composed by 64 wedges made of iron plates and scintillating tiles. The 4 to 5 mm thick iron plates are assembled in such a way to form a frame with pockets where 3 mm thick scintillating tiles are inserted to form an almost periodic ironscintillator structure with a ratio of about 4.7:1 by volume. Each frame correspond to ∆φ = 0.1 wedge.
Two edges of the scintillating tiles are air coupled to two wavelength shifting fibers which collect the scintillating light and bring it to the photo-multipliers (PMT) housed in the outer edge of each wedge. The fibers joined to one of the two sides of each tile are grouped and coupled to the photo-multipliers tubes in order to form three radial samples (1.4, 4.0 and 1.8 λ thick) each of them composed of many cells. The resulting cell dimension is equal to ∆η ×∆φ = 0.1×0.1 (0.2×0.1 in the last layer). The connections to the PMT are than replicated using the fibers connected on the other tile edge obtaining a second readout for the signal of each cell. The double readout assures the needed redundancy for the Tile Calorimeter that is expected to operate for about ten years in a place difficult to access for maintenance. A sketch of the optical readout is given in figure ? ?. The gap between the barrel and the extended barrels is equipped with scintillator counters, each readout by a single photo-multiplier. These counters allows to partially recover the energy lost in the crack regions.
The signal generated by each photo-multiplier is shaped and sent as input to two amplification circuits whose gains are in the ratio 1:64. Integrated on the calorimeter there is a composite device that allows to monitor and/or equalize the signals at various stages of its formation. The linearity and stability of the electronics and the gains of the two amplification circuits are monitored by injecting charge at the input stage of each electronic channel. The readout chain up to the light mixer, which acts as the input window for the photo-multiplier, is monitored by mean of a laser signal. The amplitude of the laser signal can span the whole dynamic range up to the photo-multiplier saturation. Each calorimeter wedge is also equipped with a radioactive Cesium source that can be moved along all the tiles. The signal recorded with this source allows to equalize the response of each cell. by adjusting the voltages of each photo-multiplier.
The module equalization obtained with this procedure is within a few per mill. The three control signals described are also used to obtain a finer offline cell inter-calibration.
B. Tile Calorimeter construction
The Tile calorimeter project is twelve years old in fact the first R&D program began in 1992. The module production has started in 1998. The mechanical assembly of the iron frame, starting from the iron plates, was responsibility of seven institutes, while the scintillating tiles, made of doped Polystyrene, have been produced at a single institute. The production of the 760000 wave length shifting fibers was commissioned to the Kurary Company. The fibers were delivered in bunches to two institutes where the quality control was carried out, on a 1% randomly selected sample, using dedicated test benches. These tests allowed to accept or reject the fiber bundles in a short term after production.
Dedicated test benches were also built at seven institutes in order to characterize and select the 10000 photo-multipliers produced by Hamamatsu.
The iron frames, the scintillating tiles and the fibers were than delivered to CERN where the final opto-mechanical assembly and certification were carried out.
The front-end readout electronics and the photo-multipliers are housed in the drawer and placed on the outer edge of each module. The electronic components housed in the drawer are produced by 17 institutes, while their electro-mechanical assembly and certification is centralized at a single institute. Once the drawers are completed and tested they are delivered to CERN where they are inserted on the modules and again tested using the charge injection and the Cesium system.
The system is completed with the high and low voltage modules. The high voltage modules, produced by the Tesla company, are located in a crate and connected to the distributor modules on the drawer that allows to adjust each photomultiplier voltage. The low voltage, specifically designed for Tile Cal, are integrated on the outer edge of each module. The production of these modules is still ongoing and it is foreseen to be completed by August 2005.
In order to check the geometrical tolerance (a few millimeters over a few meters) and the complicate integration with cables, services and other detectors, the three Tile Calorimeter barrels have been pre-assembled on surface. The first calorimeter barrel completely pre-assembled is shown on figure ? ?. All the problems encountered in carrying out this task allowed to gain very useful experience for the assembly in the pit. 
C. Test Beam programs and selected results
During the last five years the major effort beside construction has been dedicated to the test beam program. Moreover, during 2004 a few months data taking period has allowed to expose to beam a whole central slice of ATLAS. During this period, for the first time, a whole ATLAS calorimetric section, electromagnetic and hadronic, has acquired common data using calorimeter modules with the final ATLAS configuration.
In the next two subsections the aims, the detector setup, and selected results of the test on beams are reviewed. Figure ? ? shows a picture of the setup used during the tests carried out at the H8 beam of the CERN SpS accelerator. During each data taking, four calorimeter wedges were placed on a movable table and exposed to beam. The bottom module is the prototype barrel module (indicated as "Module 0") used as a reference during all data taking periods. On the top of "Module 0" are stacked one barrel module and two extended barrel modules placed one next to the other. This configuration allows to obtain complete containment of the lateral shower produced by pion interactions in the central barrel module. The movable table (visible on figure ??) allows the beam to impinge on the modules in any point of the lateral side or on any point of the inner edge of the wedge, as it will happen with particles produced by beam interactions in ATLAS. During all the test beam periods about 12% of calorimeter modules have been exposed to beam. The first step in the calibration procedure consists in the equalization of the modules with the Cesium source. As an example, on figure ? ? the distribution of the Cesium signal after equalization is shown as a function of the cell number for a barrel module. The distribution has a mean value equal to 1771 and a root mean square equal to 2.87. In general, after equalization, the module uniformity to the Cesium signal is of the order of a few per mille. In the equalization procedure the photo-multiplier gains are set to deliver about 1.2 pC/GeV for incident electrons. The precise value of the electromagnetic calibration factor obtained with this procedure is than measured using electron beams of energies ranging from 20 to 180 GeV . The movable table allows to measure the calibration factor for all the cells with the beam impinging at different directions. The distribution of the calibration factors obtained for various cells, configurations, energies is plotted on figure ? ?. The distribution shows a mean calibration factor equal to 1.21 and a root mean square equal to 3.8% thus the cell-to-cell uniformity of the electromagnetic scale is better than 4%. Infact this should only be considered as an upper limit: fine offline adjustments are still to be applied to the calibration factors since they strongly depend on the details of the algorithm that will be used to reconstruct the energy from the sampled signal. Three algorithms have been studied so far and the final assessment of their resolution and linearity will be described in detail in [?] .
1) The standalone test beam:
The equalization for the inner cells are checked using muon beams. These studies also show that the uniformity is within a few percent.
A large sample of pion beams has also been acquired using GeV . These data are used to tune the Geant4 [?] detector simulation. The comparison of test beam data with Geant4 simulated data [?] shows that, while the description of the resolution and e/π ratio as a function of the energy is described within few percent, the longitudinal and transverse shower profile are not yet described at a satisfactory level and require more studies and tuning.
A special data taking has been devoted to the very low energy (1 to 10 GeV ) beam. The high multiplicity of low energy tracks found in jets makes this data very important to model the detector simulation of jets. A review of all the results obtained in the four year long test beam program is in preparation [?] .
2) The combined test beam: The last tests on beam before the start of ATLAS data taking have been carried out from May to November 2004 on a whole slice of the central ATLAS detector. Most of the devices tested had the final configuration and the final front-end electronics. The movable table used for the standalone test beams has been modified to host, in front of the TileCal modules, the cryostat containing three modules of the electromagnetic Liquid Argon calorimeter. The amount of dead material lying between the electromagnetic calorimeter and TileCal is 1.7 X 0 which is slightly smaller than what is expected for the ATLAS design. In order to simplify the selection of primary interaction in the Tile modules a scintillation counter is placed just downstream the cryostat. A scintillation counter is also placed downstream the TileCal modules to select muons. The scatter plots in figure ? ? shows the correlation between the signal recorded in the electromagnetic and the hadronic sections for a mixed pion/muon/electron beam of energy 180 GeV . The regions of the correlation plot populated by muons (bottom left), electrons (top left) and pions are easily identifiable.
Three extended barrel modules were placed on a second movable table. These setup allows to have the beam impinging on the calorimeter with a direction corresponding to pseudorapidity ranging from 0.2 to 1.2. The beam energy was varied from 1 up to 350 GeV . Thus with the data acquired during these tests a complete study of the characteristics of hadron energy reconstruction, including effects due to the crack region placed between the barrel and extended barrel, will be possible
The last data have been recorded in October so the analysis on pion data has just started and the first step will require to set the correct electromagnetic scale for both calorimeter sections. Then the algorithms to reconstruct the hadronic energy, compensating for the e/h > 1, may be tested. In the next section the performance of one of these algorithms on simulated single particles and jets are discussed.
D. Hadronic energy reconstruction
The approach most commonly used in the ATLAS community to reconstruct the hadronic energy is inspired to the technique used by the H1 collaboration [?] . The total reconstructed energy (E rec ) is obtained as a linear weighted sum of the energy deposited in the cells (E cell ) of each longitudinal sample:
where i runs over all the longitudinal samples and j over all the cells of the i sample. The weight w i to be applied to the cell energy deposit of each sample i, are function of the deposit in the cell and of the true particle (or jet) energy, indicated here as Monte Carlo energy E MC . These weights are obtained by minimizing the energy resolution with respect to the true total energy constraining the total reconstructed weighted energy to be equal to the true energy. Since in real life the value of the true energy is not available, an iterative procedure is applied. An initial estimate of the energy is obtained using a simple method, for example the unweighted sum of the cell energy, and it is used to have the first estimate of the weights. Then the calibrated energy thus obtained is used as a new input to calculate new weights and a new estimate of the energy. After a few iterations of the procedure, the reconstructed energy does not vary by more than few percents [?] . This method has been already used both on real and simulated data and it is able to restore the linearity within a few percent and to improve the energy resolution [?], [?] . Lately this procedure has been implemented in the new ATLAS software and applied to samples of di-jet events generated using a detector simulation based on Geant3 [?]. The results obtained on linearity and energy resolution for jets in the central (η < 0.7) ATLAS region is shown on figure ? ?. Non-linearities after calibration are within 2% and a large improvement in energy resolution is obtained. The same procedure has also been applied to single pions produced with the Geant4 detector simulation. The linearity after calibration is well within 1% and the energy resolution is in agreement with the design resolution [?] . The next step consists in applying this calibration procedure to real data and to check the agreement between the weights obtained with the simulation and those obtained with the test beam data.
II. CONCLUSION The opto-mechanical assembly of modules of the Tile Calorimeter was completed at the beginning of the 2004. By April 2004 the first half of the barrel had already been assembled in the experimental pit. The electronic equipment is ongoing and the low voltage installation, the last part of the electronic assembly, is going to be installed starting in August 2005. In the same period the modules already assembled in the experimental pit will be tested and a first data taking using cosmic muons will start. While the assembly in the pit is proceeding, the algorithms to reconstruct the jet energy are developed on the software side. Particularly important for these studies are the data just acquired at the combined test beam.
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